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The causes of chest pain in patients frond to have angin.
graphically normal coronary arteries during cardiac cath-
eterization remain controversial . Cardiac sensitivity to
catheter manipulation, pacing at various stimulus
:nlensi-
ties and intracoronary
, injection of contrast medium was
examined in several groups of patients vcho underwent
cardiac catheter nation. Right heart (especially right vea-
triculor) catheter manipulation and pacing and intrarnro-
nary contrast medium provoked chest pain typical of that
previously experienced in 29 (81 %) of 36 patients with chest
pain and angiographically normal coronary arteries and 15
(46%) of 33 symptomatic patients with hypertrophic car-
diomyopathy . In contrast, only 2 (6%) of 33 symptomatic
patients with coronary artery disease experienced their
typical chest pain with these sensitivity tests (p < 0 .001)
.
None of 10 patients with valvutar heart disease but without
a chest pain syndrome experienced any sensation with these
tests .
Chest pain commonly causes patients to seek medical atten-
tion because of its association with life-threatening heart
disease . However, I0% to 30%r% of patients who undergo
coronary angiography for a chest pain syndrome compatible
with ischemic heart disease are found to have normal- or
nearly normal-appearing coronary arteries I1-4) .
Recent studies (5-13) have suggested that many patients
with anginalike chest pain but with normal coronary angio-
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Cal-on, pain threshold testing demonstrated that
patients with chest pain and normal aneeearv arteries had
a higher pain threshold to thermal stir .,ulatima compered
with patients
echo had coronary artery disease or hyper-
trnphic cardiomyopathv . No relation existed between car
.
diae sensitivity and cutaneous sensitivity testing .
Thus, patients who have chest pain despite angiograph-
ically normal coronary arteries may have abnormal cardiac
sensitivity to a variety of stimuli . This increased sensitivity
may be of causal importance to their chest pain syndrome
or may contribute to their perception of ischemia-induced
pain . The same phenomenon was also commonly seen in
symptomatic patients with hypertraphie cardiomyopathy
.
Whether this phenomenon represents abnormal activation
of pain receptors within the heart or abnormal processing
of visceral afferent neural impulses in the peripheral or
central nervous system is unknown.
(J Am Cull Cardiol :990;16;1359-66)
graphic studies have either myocardial ischemia due to
abnormal coronary vasodilator reserve, or esophageal dys-
motility, or both . Nonetheless . a considerable number of
patients with a chest pain syndrome do not have such
abnormalities. and even those with such abnormalities often
experience symptoms that appear to be disproportionate to
the severity of the documented disease . Several alternative
causes, including various types of psychogenic syndromes
114-17) . have therefore been suggested as the basis for the
chest pain esperieuced by these patients
. Clearly . however,
a satisfactory explanation for chest pain in many patients
with angiographically normal or nearly normal coronary
arteries remains elusive, especially in those patients who
have frequent, prolonged and severe pain despite reassur-
ances of a benign prognosis 118.19) .
One possible contributing cause of the chest pain experi-
enced by these patients is a decreased cardiac pain thresh-
n
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old . This concept is suggested by studies demonstrating a
lowered pain threshold in women with "Syndrome X" (20)
and an altered right atrial pain perception of patients with
chest pain and normal coronary angiogams (21). We also
observed that a large number of patients with chest pain who
have augiographically normal coronary arteries and a normal
left ventricle had an increased sensitivity of the heart to
intracardiac stimulation by catheters and intracoronary con-
trast medium . The present study was therefore conducted to
determine whether a diminished cardiac pain threshold
might contribute to the chest pain syndrome in patients with
several forms of heart disease .
Methods
Study groups. Four groups of patients unuciwcirt cardiac
catheterization and participated in this investigation and
represent a consecutive series of patients studied . The group
that prompted the present investigation comprised 36 pa-
tients with a chest pain syndrome, all with entirely normal
coronary arteries and left ventricle as determined by angi-
ography . The average age was 48 ± 9 years ; 21 (58%) were
women . Virtually all had one or more atypical features for
angina pectoris associated with coronary artery disease
including location (left-sided versus suhsternal), occurrence
both at rest and on effort, prolonged duration, severe inten-
sity and variable or transient relief by nitrates . Because of
the subjective nature of chest pain and the wide variety of
pain descriptions among patients, no attempt was made to
further categorize symptoms . In all patients chest pain
symptoms persisted despite reassurances of a benign condi-
tion. No patient had left ventricular hypertrophy or mitral
valve prolapse by M-mode and two-dimensional echocar-
diography . Four patients (11%) had >1 mm ST segment
depression during treadmill exercise testing using the stan-
dard Bruce protocol .
The second group comprised 44 patients with hyper-
trophic cardiomyopathy defined as a hypertrophied, nondi-
lated left ventricle in the absence of an identifiable cardiac or
systemic stimulus to hypertrophy (22) . The average age was
44 ± 15 years ; 22 (50%) were men . Thirty-three (75%) of
these patients reported chest pain symptoms, virtually al-
ways atypical for angina pectoris associated with coronary
artery disease . All underwent coronary angiography and
were found to have normal appearing coronary arteries .
Eleven patients gave no history of chest pain and underwent
electrophysiologic studies for symptoms of presyncope and
syncope
. Coronary angiography was perforated in 8 of these
I I patients and results were normal in all .
The third group comprised 42 patients with acg.ograph-
ically significant coronary artery disease defined as >50%
luminal diameter narrowing of at least une major coronary
artery . The average age was 60 ± 8 years
; 35 (83%) were
men. Thirty-three patients (79%) reported chest pain symp-
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toms and 9 without a history of chest pain underwent cardiac
catheterization because of suspected myocardial ischemia
by exercise electrocardiography and radionuclide ventricu-
lography (silent ischemia) .
Group 4 comprised 10 patients with valvular heart dis-
ease asymptomatic for chest pain . The average age was 45 ±
21 years; 6 (60%) were men . All 10 had normal coronary
arteriograms .
Study protocol
. Cardiac catheterization was performed at
least 2 days or five drug half-lives after the discontinuation of
all cardiac medications. All patients were premeditated with
diazepam, 10 mg orally. During right heart catheterization a
6F pacing wire was advanced into the right atrium. The
patient was asked to report any chest s-nsations and, if chest
pain was felt, to decide whether or not it was typical of any
pain previously experienced. Although the patient was
aware that catheter manipulation within the heart was going
to occur, the actual performance and sequence of stimula-
tion were inapparent to the patient because the position of
the fluoroscopic tube obscured the patient's view of the
monitor and the actions of the catheterizer. The pacing wire
was manipulated along the right atrial wall for 5 to 10 s and
then positioned in the right atrial appendage. Pacing at 5
beats/min faster than the patient's basal heart rate was then
initiated, starting at 1 mA and increasing by I mA increments
at 10 s intervals until the patient reported chest pain or until
a pacing stimulus of 10 mA was reached. Hand signals were
used to initiate pacing, change the pacing stimulus intensity
and terminate pacing to prevent the patic .t from knowing
when interventions were being started or stopped . After
stimulation and pacing from the right atrium, the pacing wire
was advanced into the apex of the right ventricle . Pacing was
then initiated at 5 beats faster than the patient's basal heart
rate and the sequence and performance of pacing were
repeated as for the right atrium.
Diatrizoate meglumine and diatrizoate sodium (Angiovist
370) were used for cineangiography . During left ventriculog-
raphy patients were asked whether or not manipulation of
the pigtail angiographic catheter or the injection of dye into
the left ventricle provoked any chest sensation or pain .
During coronary angiography patients were asked to report
whether or not chest pain was provoked by the first injection
of contrast medium into the left coronary artery, although
they were not told when that would occur . Most patients
with a chest pain syndrome and angiographically normal
coronary arteries then underwent assessment of great car-
diac vein flow response to pacing stress before and after
ergonovine administration . a s previously described (10) .
All patients were participating in protocols approved by
the Institute Review Board Subpanel, National Heart, Lung,
and Blood Institute, o . were undergoing diagnostic catheter-
izatisn . Informed consent was obtained from all patients
.
The testing procedures described added approximately 5 min
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to the cardiac catheterization and no complications were
encountered .
Cutaneous pain sensitivity testing. Such testing was pet-
formed on 16 patients with chest pain and normal coronary
arteries (3 men, 13 women ; mean age 47 ± 10 years) : 18
patients with coronary artery disease (16 men, 2 women :
mean age 57 ± 18 years ; and 12 patients with hypertrophic
cardiomyopathy (4 men, 8 women ; mean age 42 ± 16 years) .
A multiple random staircase evaluation of thermal pain
sensitivity was used (23). Patients used a 7 point category
scale (no sensation ; warm, not painful ; hot, not painful ; mild
pain ; moderate pain ; intense pain; eaGCmely intense pain) to
rate 72 thermal stimuli of 3 s duration delivered to the volar
forearm at 20 s intervals by a I em diameter contact
thermode . The computer that delivered the stimuli continu-
ously adjusted the intensity of the stimuli to maintain re-
sponses at the same level The program divided the stimuli
into three independent staircases corresponding to subjec-
tive levels between "hot, not painful" and mild pain" .
between "mild pain" and "moderate pain" and between
"moderate pain" and "intense pain." On each trail one of
these three staircases was randomly chosen by the computer
and the stimulus associated with that staircase was deliv-
ered, thus reducing the influence of psychophysical bias
.
These studies were performed and interpreted without
knowledge o, the patient's cardiac diagnosis and represent a
consecutive series of patients tested . Cardiac sensitivity
testing was performed in most of the patients who underwent
cutaneous pain sensitivity testing, including I I patients with
chest pain and normal coronary arteries, 10 patients with
coronary artery disease and 7 patients with hypertrophic
cardiomyopathy .
Esophageal testing. A subset of 14 patients with chest
pain and angiographically normal coronary arteries under-
went esophageal study, which was performed and inter-
preted without knowledge of -he results of any of the other
studies described . The equipment, techniques and diagnostic
criteria used for the performance of esophageal motility
assessment, Bernstein test and balloon distension test for
esophageal sensitivity testing have been previously de-
scribed (12,13,24) .
Statistics . Continuous variables are reported as mesa
values ± I SD . Multiple comparisons were performed by
analysis of variance with Scheffd's or Duncan's method for
intergroup comparisons . Discrete variables in prevalence
determinations were compared by chi-square analysis or
Fisher's exact test where indicated. A p value <0 .05 was
considered statistically significant.
Results
Chest pain with right heart stimulation . Figure I shows
the prevalence of any chest sensation and pain similar to that
spontaneously experienced (typical chest pain) felt by pa-
CANNON ET AL .
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Typical Chest Pain
Figure I . Prevalence of any chest sensation ( top panel) and chest
pain typical of symptoms previously experienced (bottom panel) in
the right heart stimulation studies by patients with chest pain and
angiogvephically normal coronary arteries INCA), hypertrophic
cardiomyopathy (HCM), coronary artery disease (CAD) or valvular
heart disease (VHD) .
tients in the four study groups doing any of the right heart
stimulation tests. No patient reported any chest sensation or
pain in the abserce of cardiac stimulation- The highest
prevalence of any chest sensation provoked was noted in the
36 patients with chest pain and angiographically normal
coronary arteries (86%) ; 29 of the patients (81%) who
reported chest pain described this as a painful sensation
identical to that spontaneously experienced
. Patients with
hypertrophic cardiomyopathy, including 15 (46%) of the 33
symptomatic patients, also had a high p,evatence of as,
sensation (52%) and typical chest pain (34%) provokes
during right heart stimulation . Ten (24%) of the 42 patients
with coronary artery disease experienced some chest sensa-
tion during right heart stimulation, although this sensation
was described as their typical chest pair, by only 2 patients
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RA FLA RV
PROBING
PACING PROBING POLING
Figure 2 . Prevalence of typical chest pain provoked during right
atria) (RA) and right ventricular (RV) catheter manipulation and
pacing in patients with chest pain and normal coronary arteries
(NCA), hypertrophic cardiomyopathy (HCM), coronary artery dis-
ease (CAD) or valvular heart disease (VHD). Pacing was performed
at 5 beatslmin faster than basal heart rate with a stimulus intensity of
I to 10 mA,
(5%).
No patient with valvular heart disease experienced any
chest sensatic:n during right heart stimulation .
The prevalence of typical chest pain provoked during the
four components of the right heart stimulation study are
shown in Figure 2. During probing of the right atrium and
right ventricle . ectopic beats were often provoked. Thus, it
was not possible to tell with certainty whether the pain was
secondary to mechanical stimulation or to ectopic beats . In
all four tests within the right heart chambers, patients with
chest pain and angiographically normal coronary arteries
had the highest prevalence of typical chest pain provoked
among the four study groups . Patients with hypertrophic
cardiomyopathy had n higher prevalence of typical chest
pain provoked during right ventricular pacing compared with
patients with coronary artery or valvular disease .
Of the patients who experienced their typical chest pain
during the four right heart tests, 62% of patients with chest
pain and normal coronary arteries did so during more than
one test, as did 47% of patients with hypertrophic cardiomy-
opathy and the two patients with coronary artery disease .
The stimulus intensity at the onset of typical chest pain
daring right atrial and right ventricular paring is shown for
the three study groups with chest pain responses in Figure 3 .
A wide range of stimulus intensities was noted for patients
with chest pain and normal coronary arteries and patients
with hypertrophic cardiomyopathy . The only two patients
with coronary artery disease who experienced their typical
chest pain during tine pacing test did so only at the highest
pacing stimulus intensity (10 mA) for right atrial pacing and
at S and 10 mP. dcri .,- : ,,ht ventricular pacing .
Fifteen
patient- wrist chest pain and normal coronary
JACC W1 . 16, No . 6
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RA Pacing RV Pacing
NCA HCM CAD NCA HCM CAD
Figure 3. Stimulus intensity (in mA) at which patients with chest
pain and normal coronary arteries INCA), hypertrophic cardiomy-
apathy (HCM) or coronary artery disease (CAD) began experienc-
ing their typical chest pain during right atrial IRA) and right
ventricular (RV) pacing
.
arteries underwent an identical pacing protocol within the
coronary sinus. Six (40%) described their typical chest pain
during pacing. In all cases the pacing stimulus intensity
threshold for provoking chest pain was ?5 mA .
Pain provoked during angiography
. Placement of the
angiographic pigtail catheter into the left ventricle never
provoked chest pain in any of the study groups, even when
such placement was associated with ectopic beats . Further,
the injection of contrast medium during left ventriculography
provoked no chest pain
. However, injection of contrast
medium into the left coronary artery provoked typical chest
pain in 20 (56%) of the 36 patients with chest pain and
angiographically normal coronary arteries (Fig. 4); all also
Figure 4. Prevalence of typical chest pain provoked during injection
of contrast medium into the left coronary artery. Abbreviations as in
Figure 1 .
Typical Chest Pain
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experienced their typical chest pain during right heart stim-
ulation
. Only 12% of patients with hypertrophic cardiomy-
opathy and 3% of patients with coronary artery disease
experienced chest pain with intracoronary contrast medium .
No patient with valvular heart disease experienced such
chest pain .
Cardiac sensitivity testing and microvascular angina .
Thirty-two of the 36 patients with chess pain and angiograph-
ically normal coronary arteries underwent measurement of
great cardiac vein flow during rapid pacing from the coro-
nary sinus (I to 2 mA stimulus Intensity) before and utter
treatment with ergonovine, 0 .15 mg intravenously . Nineteen
patients fulfilled our criteria for microvascular angina (in-
crease in coronary vascular resistance and myocardial oxy-
gen extraction after ergonovine administration in the ab-
sence of epicardial arterial constriction associated with
provocation of patient's typical chest pain during rapid atrial
pacing) (10). The prevalence of typical chest pain provoked
during cardiac sensitivity testing was virtually identical in
patients with (15 of 19 . 84%) and patients without (10 of 13,
77%) microvascular angina
.
Cardiac sensitivity testing and chest pain history . Most,
but not all, patients with hypertrophic cardiomyopathy and
coronary artery disease gave a history of chest pain . To
investigate whether such a history correlated with myocar-
dial sensitivity testing results, the 86 patients with hyper-
trophic cardiomyopathy or coronary artery disease were
analyzed separately according to chest pain history
. The 33
patients with hypertrophic cardiomyopathy and a history of
chest pain had a higher prevalence of any kind of chest
sensation nrovoked during the study (20 patients, 61%),
compared with the I I patients without a chest pain history (3
patients, 2'%), although rot of statistical significance (p =
0.117) . Eleven (33%) of 33 patients with coronary artery
disease and a history of angina had some type of chest
sensation provoked during the testing study . This was a
significantly higher prevalence than that observed in the nine
patients with coronary artery disease who had noninvasive
evidence of ischemia without a history of chest pain . None
of these latter patients experienced chest sensation or dis-
comfort with cardiac stimulation (p < 0.05)
.
Cutaneous pain sensitivity testing
. Patients with chest
pain and normal coronary arteries required a higher temper-
ature (by 1.2 to 1 .8°C among the three thermal sensitivity
staircases) to produce the same level of subjective responses
compared with patients with hypertrophic cardiomyopathy
or coronary artery disease (Fig. 5)
. Separate analyses of
variance for each staircase showed significant difference in
stimulus temperatures among the three patient groups for the
low (F(2,431 = 3 .48, p < 0.05) and middle (F[2,43( = 4
.09W
p < 0.05) staircases and approached significance for the high
staircase (F12,43j = 2.87, p = 0.067) . This effect was
accounted for by higher stimulus temperatures in the chest
pain, normal coronary artery group in comparison with the
CANNON
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Figure S.
Multiple random staircase evaluation of thermal cutane-
ous pain sensitivity. Threshold and suprathreshold values deter-
mined over a 24
min period are plotted for patients with chest pain
and normal coronary arteries (triangles), hypertrophic cardiomyop-
athy (open circles) or coronary artery disease (closed circles)
. Stim-
aIrs temperatures required to produce three subjective levels of pain
sensation are shown in the three panels
. These temperature differ-
ences indicate decreased cutaneous pain sensitivity in the chest
pain . normal coronary artery group, because greater stimulus inten-
sities are required to eveke equivalent pain responses .
coronary artery disease group (low, p < 0 .05 ; middle p <
0 .05 ; high. p < 0 .05) and to the hypertrophic cardiomyopa-
thy group (middle . p < 0.05: high, p < 0.05)
. In the 11
patients who underwent both cardiac and cutaneous sensi-
tivity testing there was no systematic relation between
cardiac pain sensitivity, as measured by pacing current
threshold, and cutaneous pain sensitivity determined with
thermal stimulation (r = -0
.271 .
Esophageal pain sensitivity. Fourteen patients with chest
pain and ncrmal coronary arteries underwent esophageal
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testing. Three patients fulfilled criteria for nutcracker esoph-
agus and two for nonspecific motility disorder (12): only one
of these experienced chest pain typical for that patient
during this phase of testing. Three patients (including one
with nutcracker esophagus associated with chest pain) had
their typical chest pain provoked by acid infusion into the
distal esophagus (Bernstein testing). Two of these patients
and an additional patient without esophageal dysmotility or
acid sensitivity had their typical chest pain provoked by
balloon distension within the esophagus . Of these four
patients whose typical chest pain was provoked during
esophageal testing, three also had this pain provoked during
right heart stimulation. Conversely, 8 of the 10 patients
without chest pain during any phase of esophageal testing
had their typical chest pain provoked during right heart
stimulation.
Discussion
Cardiac sensitivity as a cause of chest pain. In a prelimi-
nary study Shapiro et al. (21) provoked chest pain by high
right atria] catheter manipulation and by bolus injection of
saline solution into the right atrium in most of the I I patients
with chest pain and angiographically normal coronary arter-
ies they studied. Neither test provoked pain in seven pa-
tients with coronary artery disease or nine patients with
mitral valve disease
. In the present investigation, involving a
larger number of patients in similar categories and with the
addition of patients with hypertrophic cardiomyopathy, we
attempted to elucidate a possible role of decreased cardiac
pain threshold as a cause or contributing factor to the chest
pain experienced by patients with a persistent chest pain
syndrome . Our study demonstrated that a large percentage
of patients with chest pain and angiographically normal
coronary arteries perceive discomfort or pain during cathe-
ter probing or application of electrical currents through a
catheter within the right heart chambers and during injection
of contrast medium into the left coronary artery . The dis-
comfort was interpreted by most patients as typical of their
spontaneously experienced chest pain and was often severe,
persirsing for up to several minutes after a particular test and
commonly provoked by more than one test . Stimulation of
the left heart chambers by a pigtail catheter, even when
ectopic beats appeared, never produced chest pain. More-
over, increased intracardiac pain sensitivity was also demon-
strable in almost half of the patients with hypertrophic
cardior.lyopathy, which is often accompanied by chest pain
atypical for classic angina pectoris
. However, chest pain was
uncommonly provoked in patients with coronary artery
disease and was not present in patients with valvular heart
disease who had no chest pain history. The nine patients
with coronary artery discasc and silent ischemia did not
experience chest sensations of any sort during any of the
testing procedures employed in this study
.
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Patients were asked to decide whether the pain provoked
during cardiac sensitivity testing was typical of their chest
pain spontaneously experienced before this evaluation. The
strikingly high prevalence of positive responses in patients
with chest pain and angiographically normal coronary arter-
ies and, to a lesser degree, in patients with hypertrophic
cardiomyopathy, suggests that abnormal cardiac sensitivity
may either be causally related or contributory to their chest
pain syndrome .
Cardiac versus cutaneous pain sensitivity. Increased car-
diac pain sensitivity was unrelated to cutaneous thermal
sensitivity. Indeed, in contrast to Turiel et al . (20), who
demonstrated a lowered pain threshold in women with
Syndrome X (chest pain, angiographically normal coronary
arteries and ischemic appearing ST segment responses to
exercise), we found that our patients with chest pain and
normal coronary arteries (four of whom had ischemic ap-
pearing ST segment responses to exercise stress) actually
had a higher cutaneous threshold to thermal pain than did
patients with hypertrophic cardiomyopathy or coronary ar-
tery disease. Although our patients with coronary artery
disease were older and included more met
. than the other
groups, it is unlikely that age and gender influenced cutane-
ous pain sensitivity testing . There was a clear difference in
cutaneous pain threshold between patients with chest pain
and normal coronary arteries and patients with hypertrophic
cardiomyopathy despite similar age and gender distribution .
Thus, abnormal cardiac sensitivity in patients with chest
pain and normal coronary arteries does not appear to be
linked with heightened sensitivity to cutaneous stimuli .
Generalized abnormality of visceral noclceptlon . Of the 14
patients with chest pain and angiographically normal coro-
nary arteries who underwent esophageal testing, 4 had their
typical chest pain provoked by wet swallows, acid infusion
or intraesophageal balloon distension, or
3 of these 4 also
had their typical chest pain provoked during cardiac sensi-
tivity testing . However, of the 10 patients without typical
chest pain provoked during esophageal testing, 8 had their
typical pain during cardiac sensitivity testing. Itichter et al .
(24) noted increased intraesophageal sensitivity in patients
with chest pain and normal or nearly normal coronary
arteries regardless of the presence or absence of a motility
disorder or abnormal results on Bernstein testing . Our study
suggests that a generalized abnormality of visceral nocicep
Lion may exist in some patients with chest pain and angio-
graphically normal coronary arteries .
Several studies (14-17) have reported a high prevalence
of anxiety, depression, neuroticism, somatization, hypo-
chondriasis and panic disorders in patients with chest pain
and normal coronary arteries . However, our studies, when
taken together, indicate that these patients often have
an
increased sensitivity to cardiac pain stimuli . The behavioral
responses described by others as being of primary etiologic
importance may be a seconeary consequence of pain . Alter-
[ACC Vol, 1 6, No. 6
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natively, these same disorders might result in heightened
awareness and painful interpretation of visceral afferent
neural stimuli.
Cause of cardiac pain sensitivity . The cause of the height-
ened cardiac pain sensitivity detected in our study is un-
known . Afferent sensory fibers, both myelinated and unmy-
elinated, follow sympathetic efferent nerves to sympathetic
ganglia in the chest and neck, then to the spinal cord with
connections to processing centers such as the locus cer-
uleus, which initiates "fight or flight" responses to the
hypothalamus and thalamus, which relay signals to the
cortex for cognitive recognition and interpretation and to
effector sympathetic nerve fibers, which innervate the same
viscera. Afferent sensory nerves also follow the vagus nerve
to centers within the hypothalamus and thalamus with sim-
ilar cortical and autonomic efferent connections (25-27) .
Visceral sensitivity that elicits a painful response may he a
consequence of abnormal function of any of these relay or
processing centers or of their cortical connections.
Increased cardiac sensitivity to painful stimuli may ex-
plain why the syndrome of coronary microvascular dysfunc-
tion, which limits appropriate coronary flow responses to
stress but usually appears in association with mild or equiv-
ocal ischemia (11), causes chest pain that is often prolonged
and severe . Patients with similar abnormalities of cardiac
microvascular function unassociated with increased cardiac
sensitivity to painful stimuli might go unrecognized . Many
patients with chest pain and normal coronary arteries, who
had no evidence of cardiac microvascular dysfunction, had
heightened cardiac pain perception
. Although the mecha-
nisms that initiate chest pain in these patients are unknown,
it is possible that their altered pain perception is the primary
and sole cause of their chest pain syndrome : . Possible
initiating mechanisms might include changes in loading con-
ditions, heart rate, contractility or ectopic beats .
Limitations of study
. An alternative possibility is that
patients with chest pain and normal coronary arteries or
hypertrophic cardiomyopathy had normal intracardiac sen-
sitivity to our testing and the remaining patient groups had
decreased intracardiac sensitivity . However, the common
provocation of pain characteristic for the patient leads us to
believe that there is a causal relation of intracardiac pain
sensitivity to symptoms in these patients . Because no "nor-
mal" patients free of chest pain or heart disease were
studied, we do not know "normal" cardiac sensitivity
. A
further limitation is that not all patients nnderwcnt esopha-
geal or cutaneous pain sensitivity testing because
of testing
and scheduling conflicts . There was no arbitrary decision to
perform or exclude these tests in our patients
. Although it is
possible that the findings in the subset that did undergo these
ancillary tests are not representative of the larger group, this
seems unlikely .
Conclusions. Abnormal cardiac sensory function is com-
mon in patients with chest pain and angiographicelly normal
CANNON ET AL .
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coronary arteries with or without abnormal microvascular
function. Furthermore, this phenomenon is also commonly
seen in symptomatic patients with hypertrophic cardiomy-
opathy. Abnormal visceral sensory function may be causally
related to the chest pain experienced by these patients or
may contribute to ischemia-induced pain . The abnormal
sensory function may also contribute to the atypical features
of pain often experienced by these patients . Abnormal
psychologic states may be a secondary phenomenon or
amplify and exaggerate sensory signals that arrive from
viscera into midbrain centers . In addition, activation of
neural processing centers may activate the autonomic effer-
ents resulting in somatic symptoms commonly ascribed to
anxiety or panic attacks. At the other extreme, diminished or
absent cardiac sensory perception may minimize a patient's
recognition of myocardial ischemia and contribute to the
phenomenon of silent myocardial ischemia .
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